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ANTfWEAR AUTOMOTIVE F^ORMULATIONS 

The present Invention relates to automotive engine oils comprising a base oil and an 
antiwear additive system pomprtelng an ester and preferably further comprising a 
5^ phosphorUSH^ontainlng and/or sulphur-containing antiwear additive and the use of 
automotive engine oils comprising the antiwear addftive system. 

The automotive Industry is under pressure to me^t higher engine oil peribrmancse 
requirements whfist et the same time lowering emfssions- The. intematEonpl Lubricant 
10 Standardisation and Approval Committee (ILSAC) QF-4 requirements for automotive 
engine oiJ have just been published. One key area where the specification has been 
tightened is the level of phosphorus. This is because phosphorus has been identified 
as a catalyst poison tor the cataiysts that are used in emission control systems. The 
Blloy^ed phosphonjs tevel wf!t now be a maximum of 0-08% by weight in the 
15 automotive enfiino oil, which is a 2G% reduction from the levef set in the GF-3 

requirements. However [LSAC's origfnaf aim was a maximum allowed phosphorus 
level of 0-05%, which is indicative of future leglsfation reducing the proposed Q.08% 
tevel further. 

20 It Is expected that focus will now move to othetr eiements in the engine oil, as wetf as 
phosphoru5» that oould Impact emission control systems. For example sulphur fs 
known to poison deNOx catalysts and ash residues from metals are known to plug 
after-treatment particulate traps. 

25 Antiwear protection in modern automotive engine oils Is mainly provided by the 

addftive zinc dialkyl dlthiophosphate (ZDDP), whioh contains phosphoms, sulphur and 
zinc. It is believed that the 2DDP degrades at potential wear points in the engine to 
form a polyphosphate gfassy film which pnDtects the potentiaf wear points. The 2DDP 
is typically supplied as a concentnatad solution (typically 80-100% 2DDP) in mineral 

30 oif. At current use levels (typically 0.5-1,5% of ZDDP solution) it is believed that ZDDP 
accounts for more than two thirds of the sulphur and all of the zinc and phosphorus 
present in engine oils. It Is ciear that this additive has a major effect on the emission 
control systems and as such the use of alternative antiwear additives needs to be 
explored. 

35 

The engine test requirements of the ILSAC GF-4 specification include the Sequence 
IVA test This test is designed to evaluate an oil's ability in preventing camshaft lobe 
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wear in slider valve train design engines operated at Jow-temperature. short-trip, "stop- 
and-gt3" conditions. Ona of the kay pass/feil crit^ri^ of the test is that the average cam 
wear cannot be greater than 90 pm. Therefore any alternatives to ZDDP must at least 
meet the Sequence IVA pass/fafl criteria whilst aFso providing a reduction in metal, 
5 phosphorus and/or sulphur levels. 

ZDDP is also known to function as an oxidation inhibitor when used as an addltrve is 
an automotive engine oIL Therefore any altemativas to ZDDP must also exhibit 
oxfdation inhibition properties. 

10 

Investigations undertaken by the invantors hav0 led to the identification of an ester 
which is suitable to be used In an antiwear additive system, either by itself or to be 
used in conjunction with a reduced level of a phosphorus $ind/or 3Uiphur containing 
antrwear additive in automotive engine olis. The antiwear additive system of the 
15 invention not only has reduced metaJ, phosphorus and sulphur levels but surpnslngfy 
also can provide antiwear properties that are superior to those of commercial antiwear . 
additives fn automotive engine oils* Furthermore the anlJwear additive systera of the 
invention exhibits oxidation Inhibition properties. 

20 According to the present invention, an automotive engine oil comprising a bass oil 
and an antFwear additive system comprising an ester which is the reaction product of 

(a) at least one poiyfunctional aloohol; 

(b) a dimer fatty add; and 

(c) optfonaiiy at least one of an aliphatic dicarfcjoxylic add having 5 to 18 carbon 
25 atoms, an aliphatic monocarboxylic acid having 5 to 24 carbon atoms and an 

aliphatic monofunctional alcohol having 5 to 24 carbon atoms 
with the resultant esler having a kinematic viscosiiy at 100 ^'C ranging from 500 to 
5000 mm^/s and a non-polarity index (NPI) 

IVIPI = total number of carbon atoms * molecuL weight 
. 30 number of ceirboxylate groups x 1 GO 

of at least 500. 

the automotive engine oil 

The term automotfve engine oil includes both gasoline and dieisel (Incfudliig heavy 
35 duiy diesel) engins oils. 

the base oil - - " 
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is preferably less than 5%, wore preferably In tne ranfi© from 0.1 to 3%, particularly 
0.3 to 2%, and especially 0-5 to 1% by weight 

Qpt'onallv at least one of an aliphatic dicarfaoxvlic acid, an aiyphatrc mpnocarboxvlic 
5 acid, and an aliphatic monofunctionaf alcohol. 

Examples of suitable aliphatic dicarboxytic acids inolude glutaric, adfpic, pfmeJic, 
suberic, azetaic, sebacic^ undec?anediaic, dodecanedioic, tridecanedfoic, 
tetradecanedioic, pentadecanedtoic, hexadecanedioic ac?ids and mixtures therBcf. 
Ths aliphatic dicarboxylic add preferably has from 7 to 16 carbon atcmfe, more 
10 preferably from 8 to 14 carbon atoms. The aliphatio dicarboxyffc acid is preferably 
ffnear. Az&laic add, sebacic acid and dodecanedioig: acid are particularly preferred, 
Azeiaic add is especially preferred. 

The monoadd or monoalcohol, may be used to read with any OH or COOH groups 
15 respectively which remain unreacted after reaction between the palyftinctronal alcohol . 
and the dimer f^fiy acid and optionally the ailiphatic dicarboxyfic acld^ Examples of the 
at least one aliphatic monocarbo3(ylic acid indude the saturated straight chained acids 
of pentanoic, hexanoic^ hepfanoic, octanoic, nonanaic, decanoic, undecanoic, 
dodecanoic, tndecanoic, fetradecandic, pentadecanofo, hexadecanorc, heptadecanofc, 
20 OGtadecanoic, arachldic, behenic and lignoceric adds and mixtures thereof* Examples 
also include unsaturated and/or branched variants of the disclosed saturated, straight- 
chained acids. The at (east one aliphatic monocarboxylic acid preferably has 7 to 20 
carbon atoms, more preferably S to 18 carbon atoms. It may be branched or straight 
chained and preferably i^ saturated. Particularly preferred monoacrda are a mixture of 
25 octanoic and decanoic adds, and isostearic acid- 

Examples of the aliphatic monofunctfonai alcohol include pentanol, hexanol, heptanol, 
ocfenol, nonanoi, decanol, undecanof, dodec^inol^ tridecanoi, tetradecanoi, 
pentadecanol, hexadecanol, heptadecanol, octadecanot and mixtures thereof. 
30 Examples also include unsaturated and/or branched vartants of the disclosed 

saturated, straight diafned acids The aliphatic monofunctional afcohol preferably has 
7 to 16 carbor^ atoms, more preferably 8 to 14 carbon atoms. It may be branched or 
straight chained and preferably fs saturated. 2-EthyJhexanol is particularly preferred. 

55 The resultant ester preferably has a kinematic viscosity at 1 0O^C of 900 to 4000, more 
preferably 1 1 00 to 3500, especially 1500-2S0O mm^/s. 
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The base oil of {he automotive engine oil may be chosen irom any of the Group I to 
Group V! bsse oWb as defined by the Amsrfc^n Petroleum institute (APi). The basa 
oil may be a mixture of Group I to Group VI base oils. 

5 at fgast ona DoivfunGtional alcQhol 

The at leadt one pplyfuncttonal alcohol fe preferably p polyol. The polyol preferably Is 
of formula R(OH)n where n is an integer, which ranges from 1-10 and R fs a 
hydrocarbon chain, either branched or linear, more preferably branched, of 2 to 15 
carbon ^torns. The polyof is suitably of low molecular weight, preferably tn the range 
10 from 50 to 650, more preferably 60 to 1 50, and p^rScuterly 60 to 1 00. Examples of 
suftabte polyols indude ethylene glycol, propylene glycof, trimethylene glycol, dlols of 
butane, neopenlyf glycol, trfmethyof propane and its dfmerp pentaeiylhrltol and its 
dimer, glycerol, inositol and sorbitol. Preferably the polyol is e neopeniyf poiyoJ. 
Preferred exampfes of neopentyl poiyols are neopeniyi glycol, trlmefhyiol propane 
15 and pentaerylhritol. Preferably the neopentyl pofyol comprfses at least 50% by weight 
of neopentyl glycol, more pnsferabfy at least 70%, $ven more preferably at least 90%. 

dimerfattv^ add 

The term cfimerf^tty add Is well known fn the art and refers to the dimerisation 
20 product of mono- or polyunsaturated fatty lacids and/or esters thereof. Preferred 
dimer fatty acfds are dimers of CIO to C30, more preferably C12 to C24. particularly 
C14 to C22. and espedafly CIS alkyf chains. Suitable dlmer fatty acids indude the 
dimertsation products of oleic acid, linolefc add, linolenic acid^ palmitoleic acid, and 

eiaidic acid with oteic acid being particulanly prefen-ed. The dimerisation products of 
25 the unsaturated fatty acid mixtures obtained in the hydrolysis of natural fafs and oils, 

e-g. sunflower oil, soybean oil olive off, rapsseed oil, cottonseed oil and tall oil, may 

also be used- Hydrogenated, for example by using a nicl*:B[ catalyst, dimer tatty adds 

may also be employed, 

30 In addition to the dimer fatty adds, dimerisation usually results in varying amounts of 
oligomeric fatt/ adds (so-called "trfmer") and residues of monomeric fatty acids (so- 
called "monomer), or esters thereof, being present. The amount of monomer oan, for 
example, be reduced by distillation. Particularly prefen-ed dimer fatty acids used rn the 
present Fnvention, have a dlmer content of greater than 50%. more preferably greater 

35 than 70%. particulariy greater than 85%. and especially greater than 94% by weight 
The triitier content is preferably less than 50%, more preferably in the range from 1 to 
20%, particularly 2 to 10%, and espsdally 3 to 6% by weight The monomer eonterit " 
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The resultant ester preferably has a NPI value of at least 900. more preferably iat least . 
1200 and especially at least 1500. 

The resultant ester preferably has an average molecular weight of at least 30QO» more 
5 preferably at least 4000 and especially at least SODa 

Preferred resultant esters indude an ester which is the reection product of a polyoi, 
preferably a neopentyl poIyoK more preferably neopentylglycql with dirtier acid and an 
ester which Is the reaction product of a polyol. preferably a neopentyl polyoL more 
10 preferably neopentylglycot with dimer add and a C5-C18 dfcarboxyllc add, more 
preferably a C7-C16 dtcarboxyliG add, parlteuteriy a C8-C14 dfcarboxyffc, especially 
' azeleic!: acid. 

:The antiwegr additive system preferably further qomprises a phosphorus-containing 
15 and/or sulphur-contafning antiwear addifive. 

The phosphorus-containing and/br sulphur-containing aniiwear additive may also 
contain other inorganic elements such as nitrogen and halogens, in particular chlorine, 
bon:)n and silicon. Furthermore ft may contain metallic elements such as zinc, 
20 - molybdenum, tungsten and niobpum. 

Examples of phosphoms-containing additives indude phosphate esters, acid 
phosphates, phosphites and dialkyl alkyi phosphonates. Examples of sulphur- 
contafning additives include sulphurized olefin?, sulphurised esters, sulphurized 

25 aromattcs, .triihianes and derivatives of thfoglycolatest Examples of phosphorus and 
sulphurH:iontaining additives Include dithtophosphates, thiophosphates and 
phosphorothionates. Preferred examples of a dithiophosphate are molybdenum 
dialkyl dithrophosphates and ZD DP with ZDDP being asp^pially preferred. Examples 
of phosphorus and nitrogen-containing additives include phosphoramldes and amine 

30 phosphaies- Examples of sulphur and nitrogen-containing addffives include 

dithiocarbamgtes, for example molybdenum dithiocarbamates (MoDTC), ammonium 
salts of sulphonic acid, amine salts of thiocyanic acid, alkyldithlobenzoxazoles, 
derivatives of 2-mercaptobertzothrazole and 2,5-dimercapto-1 ,3.4-thiadSazDie. 
Examples of sulphur, phosphorus and nrtrogen-contafnfng additives include amine 

35 thiophosphates and amine dithiophosphates. 
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Preferably the phosphorus-containing and/or sulphur-containing anttwear additive 
contains both phosphorus and sulphur Mors prsferabf/ the phosphoras-contBfnfng 
and/or sulphur-containfng anb'wear additive sho contains sine or molybdenum, 
partlcuiarfy the phosphorus-containing and/or sulphur-containing antfwear additive is 
5 ZDDP. 

When the ester and the phosphoms-conteining and/or sulphur-containing antiwear 
additive are iKith present in the antiwear additive system the ratio of ester to 
phosphorus-cMjntalnIng and/or sulphur-confafnfng antiwear additive ranges Iran 80:20 
10 to 20:80 weight percent preferably irom 70:30 to 30:70 and pariiculariy from 80:40 to 
40:60. 

The antiwear additive system according to the invention has no more than i o wt% 
Phosphorus, preferably no more than 7wt%, more preferably no more than S wt% 
15 phosphorus. 



The antiwear additive system according to the inventfon is present at levels between 
0.1 and 5 % by weight, more preferably between 0.3 and 4%, even more preferably 
between 0.5 and 3% in the automotive engine oil, 

A preferred antiwear additive system comprises 0.5% by weight in the automotiva 
engine oil of an ester which is the reaction product of neopentylglycol with dimer acid 
with 0.5% by weight in the automotive engine oil of a ZDDP solution (for example 
Lubrtzol L1371). A further preferred antiwear additive system comprises 0.5% by 
weight in the automotive engine oil of an ester which is the reaction product of 
neopentylglycol With dImer acid and azeleicadd with 0,5% by weight in the 
automotive engine oil of a ZDDF» solution (for example Ijjbrizol L1371 ). 

The automotive engine oil comprising the base oil and antiwear additive system 
preferably has no more than 0.08 wl% phosphorus, more preferably no mor© than 
0.07 wt%, especially no more than 0.06 wt% phosphorus present 

The automotive engine oil also comprises other types of additives of known 
funcfionality at levels between 0.1 to 30%, more preferably between 0.5 to 20 % more 
especially between 1 to 10% of the total weight of the engine oil. These can include 
detergents, dispersants. oxidation inhibitors, corrosion inhibitors, rust inhlbflof^. fr[cffon 
modlfrer&, fbam depressants, pour point depressants, viscosity Index Improvers and 
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mixtures thereof. Vfscosity index [mprovers include polyisobubutenes, 
poJymethacrylate acid enters, polyacrylat© acid eaters, tjlene polymers, poiyaikyJ 
styrenee, alkenyl aryl conjugated diene copolymers and polyolefrns. Foam 
deprsss^nt^ include silicones and organic polymers. Pour point depressants include 
5 pofynmethaqrylates, polyacrylates, pofyacryi^mides, condensatfon products of 

haloparaflfin waxes and aromatic compounds, vinyl caitioxyfate polymers, terpolymers . 
of dfalkytfumarates, vinyl esters of fatty acids ^nd alkyi vfnyl ethers. Ashfess 
detergente include carboxyflo dJspersants, amine dispersants^ Mannicii dispersants 
and polymeric dtepersants. Fricfion modifiers include amides, amfnes and partfal fatty 
IQ acid e^&ters of polyhydric alcsohols- Ash-containrng cfispersants include neutral and 
basic alkaline earth metal salts of an acidic organic compound. Oxidation Inhibitors 
include hindered phenols and alkyl diphenylammes. Additives may Include more than 
one functionality fn a single additive, 

15 According to a further embodiment of the present invention an antlv^ear additive 
system comprising an ester which fe the reaction product of 

(a) at least one polyfunctional aicohof; 

(b) a dimerfatiy acid; and 

(c) optionariy at teast one of an aliphatic dicarboxyffc add having 5 to 1 8 carbon 
20 atoms, an aliphatic rnonocarboxylic add having 5 to 24 carbon atoms and an 

aliphatic monofunctfonal alcohol having 5 to 24 carbon atom^ 

with the rpsuJtant ester having a kinematic viscosi^ at 100 "^C ranging from 500 to 

5000 mm% and a non-polarity index (NPI) 

NPI - total number of carbon atoms * mofecul, weight 
25 number of carboxylaie groups x 1 00 

of at least 500- 

The antlwear additive system preferably further comprises a phosphorusHContaining 
and/or su(phur-containing antlwear additive. 

30 

According ia a further embodiment of the present Invention a method of reducing 
wear in an automotive engine by the us© of an automotive engine oil comprising a 
base oil and an antiwear additive system comprising an ester which is the reaction 
product of 

35 (a) at least one polyfunctional alcohol; 

(b) a dimer fetty acid; and 

(c) optionally at least one of an aliphatic dfcarboxyllc acid having 5 to 18 carbon 
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atoms, an aliphatic rraoriQcarboxyltc acid having 5 to 24 carbon atoms and an 
alfphatjc monafuncSonal alcohol having 5 to 24 carbon atom$ 
with the resultant ester having a kinematic viscosity at 100 '^C ranging from SQO to 
5000 mnf/Q and a n^n-polarity fndex (NPI) 



number of carboxy late groups x 1 00 

of at feast 500. 

According to a ftirther embodiment of the present Invention use of an automotivis 
iO engine oil comprising a base oB and an antfwear additive system comprising an ester 
which Is the reaction product of 

(a) at least one polyfunctional alcohol; 

(b) a dimer fatty acid; and 

(c) optbnally at la^st one of an aliphatic dfcarboxyllc acid having 5 to ia carbon 
15 atoms, an aliphatic monocarboxyllo add having 5 to 24 carbon atoms and an 

aliphaflt? monofuncttonai aFcohol having 5 to 24 carbon atoms 

With the resultant ester havfng a kinematio viscosity at 100 °0 ranging from 500 to 

5000 mm^/s and a non-polarity index (NPI) 



of at laasi SOO to reduce wear in an automotive engine. 

According to a further embodiment of the present invenfion the use of an antiwear 
additive system comprising an ester which is the reaction product of 
25 (a) at Jeast one polyfunctional alcohol; 
(fa) a dimer fatty acid; and 

(c) optionally at least one of an aliphatic dicarboxylic acid having 5 to 1 S carbon 
atoms, an aliphatic monocarboxylfc add having S to 24 carbon atoms and an 
aliphatic monofunciional alcohol having 5 to 24 carbon atoms 
so with the rasultant ester having a kinematic viscosity at 1 00 °C ranging from 500 to 
5000 mm% and a non-polarity index (NPI) 



5 



NPI = tptaf number erf carbon atoms ^ moteeui. weight 



20 



NPI = total number of carbon atoms * molecuL weight 
numberofoarboxylate groups x 100 



NPI = total number of caribon atoms * molecuL weight 
number of carboxylate groups x 1 00 
of at least SOQ in an automotive engine oil. 
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According to $ further embodiment of the presetTt invention a method of reducing 
vvear fn an automotive engine by the addftion of an automotive engine olJ comprising 
a base oil and an ester which is the reactJon product of 
(a) at lesst on© potyfunctional afcohol; 
5 (b) a dimerfetty acid; and 

(c) optionally at least one of an alFphatfc dScarboxylic acfd having 5 to 18 carbon 
atoms, an affphatic monocarboxylic acid hav&ig 5 to 24 carbon atoms and an 
aliphatic monofunctlonal aJcohoi having 5 to 24 carbon atoms 
with the rsauHant ester having a kinematic viscosity at 100 "C ranging from 500 to 
10 5000 mrrFJ& and a non-poiarrly index (NPi) 

NPI = total num ber of carbon atoms * rnoleoul. weioht 
number of carbo:i^iate gnaups x 100 
of at (east 500 wherein the automotive engine oil has a phosphorus level of no more 
than 0.08%. 



15 



According to a further embodiment of the present Invention an automoHve engine 
comprising an automotive engine oil comprising a base oil and an antiwear additive 
system comprising an ester which is the reaction product of (a) at Jeast one 
polyfunctional alcohol; 
20 (b) a dimer fetty acid; and 

{C) optfonaliy at feast one of an aliphatic dicarboxylic acid having 5 to 18 carbon 
atoms, an aliphatic monocarboxylic acid having 5 to 24 carbon atoms and an 
aliphatic monofunctlonal alcohol having 5 to 24 carbon atoms 
wtth the resultant ester having a kinematic viscosity at 100 ranging from 500 to 
25 5000 mm% and a non-polarify index (NPI) 

NPI = total number »f r arison afnrr^^ * moleeui. WRfnhf 

number Of carboj^iate' groups x -tOO 

of at least 500. 



30 



35 



The automotive engine comprising an automotive engine oil according to the invention 
exhibits a camshaft lobe wear, measured aceording to the Sequence iVA test, of not 
more than 90pm, preferably not more than 70//m. more preferably not more than 
SO/irm, particularly not more than 40jc/m. 

The automotive engine comprising an sulDmotive engine oil according to the invention 
suffers wear resulting in a copper level in the automotive engine oil, measured at the 
end of the Sequence IVA test, of not more than 30ppm by- weight, preferably not more 
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than 20ppm, more pnefergbly not more fiian lOppm and espedalty not more lhan 
5ppm. 

The automotive engine comprising an automotive engine oil according to the inventfon 
5 suffers wear resulting In a copper level in the automofive engine oil^ measured at the 
encf of the Sequence IVA test, of not more than 90ppm by weight, preferably not more 
than 70ppm, more preferably not more than SOppm end especially not more than 
20ppm- 

0 The Invention wlH now be described further by way of exampje oniy with reference to 
the foJJowingi Examples. 

Example 1 

The Sequence IVA Engine Test method was undertaken for a formulated automotive 
> engine oil having as base oil a mi>dure of Nexb^se'^'^^ 3060 and Nsxbase™ 3043, 
( colourJess, cataiytically hydroisomerisad and dewaxed base oils comprising of 
hydrogenated, highly isopareffinfc hydrocarbons - Group III base oil) with the 
addition of 1% by v/eight of different antlwear additive systems. The results are 
detailed in Table One. 



TabFe One 



Antiwear additive 
System 


EgterCDDP 
solution A (50/50) 


ZDDP solution B 
(comparative) 


No addittva 
(comparative) 


Cam nose wear 
(urn) 


4 


11.9 


55.7 


Cam lobe wear 
Gt/m) 


24.1 


56.4 


393,2 


Viscosily unused 
oll(at40°Crn 

mm^/s) 


68 


70.8 


66.4 


Viscosity used oil 
{at40°C(nmm2/s) 


52.9 


52.4 


52.S 


zn content (ppm) 


533 


>9Q0 


7 


Fe content (ppm) 


10 


58 


431 


Cu content (ppm) 


1 


3 


1 
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The ester is the reaction product of neopenfylgjycol (167kg) with drmer acid with at 
iBQSl 95% dlmer present <S33kg) and C9 dicarbQ>yJic acid (1 2,5kg), The ester has a 
viscosity at 1 00°C of about 2000 mm% and an NPI of lyplcally greater than 2500- 
The ZDDP sofufion A fs Lubrizol L1371. 
5 The ZDDP solution B fs Infineum C9417 

Th6 automotive engine ail with ZDDP a& antiwear additive system oontafns 0.1% 
phosphorus. The automotive engine oil with the esterj/2DDP blend as the antfwear 
additive system contains 0,05% phosphoais. 

10 

The data in Table 1 clearly illustrates that an antiwear additive system accordrng to 
the present invention has significantly reduced earn lobe and cam nose wear as 
compared to the commercfairy avaifable ZDDP and has much lower phosphorus, 
suiphur and metai content. Also the minimal change in the viscosity of the orf at 40°C 
15 is indicative of the oxidative stability of the automotiva engine oil. 
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Cfaims 

1, An automoSve englna off comprising a base oil ©jncl an antiwear additive system 
comprising an ester which is the reaction product of 
(a) at least one polyfunctlonal alcohol; 
5 (b) a djmer fatty acW; and 

(c) optionally at least one of an alrphatic dicarbo^lic acid having 5 to 18 carbon 
atoms, an alfphatic monoGarboxyFrc acid having 5 to 24 carbon atoms and an 
aliphatic monofunctional ajcohol hiavrng 5 to 24 carbon atom^ 
with the resuJtant ester having a kinematic viscosify at 100 °C ranging from 500 to 
10 5000 mm% and a non-polarity index (NP!) 

NPI = total number of carbon atoms * mctecuL weight 
number of carboxylate groups x 100 
of at feasi 500 

15 2* A method of reducing wear in an automotive engine by the use of an automotive 
engine oil comprising a base oil and an antiwear additive system comprising an ester 
which Is the neac±on product of 
<a) at least one polyfunctionaf alcohoi; 
(b) a dimer fatty acid; and 
20 (c) optionally at least one of an afiphatic dicarbo)<y[ic acid having S to 1 8 carbon 
atoms, an aliphatic monocarboxyllc acid having 5 to 24 carbon atoms and an 
aliphatic monofunctional alcohol having 5 to 24 carbon atoms 
with the resultant ester having a kinematic viscosity at 100 ranging from 500 to 
5000 mm% and a non-poiarity index (NPI) 
25 NPf = total number of carbon atoms moiecul, weight 

number pf carbOinylate gnsups x 100 
of at least 500 

3, Use of an automotive engine oil comprising a base oil and an antiwear additive 
30 system comprising an ester which is the reaction product of 
(a) at least one polyfunctional alcohol; 
(fa) a dimer fatty acid; and 

{c> Optionally at least one of an aliphatic diqarboxylic acid having 5 to 18 carbon 
atoms, an aliphatic monocarboxyllc acid having 5 to 24 carbon atoms and an 
35 aliphatic monofunofional alcohol having 5 to 24 carbon atoms 

with the resultant ester having a kinematic viscosity at 100 '^C ranging from 500 to 
5000 mm^/s and a non-polarity Index (NPI) 
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NPl = total number of carbon atoms * molscul, weight 
number of carboxylate groups x TOO 
of at least 500 to reduos wear in an automotive engine. 

5 4* Use of antiwear additive system comprising ester which Is the reaction 
product cff 

(a) at least one palyfuncrffonal alcohol; 

(b) a dimer fatty add; and 

(c) optionally at feast one of an alfphatlc dloartso^kylfc acid hgvfng 5 to IS carbon 
10 atoms, an affphetic monocarbojsQirite acid having 5 to 24 carbon atoms and an 

aliphatic monofunctional alcohol having 5 to 24 carbon atoms 
with the resultant ester having a kinematic viscosity at 100 "^C ranging from 500 to 
5000 mm^/s and a non-polarity index (NPI) 

NPl = total number of caribon atoms * molecul. weight 
15 number of carboxylate groups 1 00 

of at least SOO Jn an automotive engine oil, 

5^ A method of reducing wear rn an automotive engine by the addition of an 
automotive engine qii comprising a base oil and an e3ter which is the reaction product 
20 Of 

(a) at least one polyfunotfonal afaiholj 

(b) a dimer fatty add; and 

(0) optionally at leaet one of an alfphatlc dlcarboxylic add hevfng 5 to 18 carbon 
atoms, an aliphatic monocarboxyf fc acrd having 5 to 24 carbon atoms and an 
25 aliphatic monofUnctional alcohol having 5 to 24 carbon atoms 

with the resultant ester having a kinematic viscosity at 100 °C ranging from 500 to 
5000 mm^/s and a non-polanty index (NPl) 

NPl - total number of cartaon atoms * molecuL weight 
number of carbo><ylate groups x 1 00 
30 of at least 500 wherein the automotive engine oil has a phosphorus level of no more 
than 0.08%. 



6. An antfwear additive system comprising an ester which is the nsaction product of 
35 (a) at least one poiyfunctional atoDhol; 

(b) a dimer fatty add; and 

(c) optionaily at-least one of an aliphatic dicarboxyifc add having 5 to 18 carbon 
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atoms, an aliphatic mongcgirboxyffc acW having 7 to 24 carbon atoms and an 
alfphatiG monofunctlonal alcohol having 7 to 24 carbon atomst 
with the resultant ester having a kinematic viscosity at 100 °C ranging from 500 to 
5000 mm^/s and a non-polaritjr index (l^fPi) 
5 NPI = totaf number of carbon atoms * molecuL wejoht 

number of carboxyiate groups x 1 00 
of at le^st 500. 

7. An automotive engine comprising an automotive engine oil comprising a base oil 
10 anci an antiwear additive system comprising an ester Vtfhich is the reaction pnsduct of 

(a) at least one polyfunctional alcohof; 

(b) a dimer fatty acid; and 

(c) optfonally at least one of an aifphatlc dicarboxylip acid having S to 18 c?arbon 
atoms, an aliphatic rnonocarExjxyfic acid having 5 to 24 carbon atoms and an 

15 aliphatic monofunctional aicohol having 5 to 24 carbon atoms 

with th© resultant ester having a kinematic viscosity at 100 °C ranging from 500 to 
5000 mm=Vs and a non-polarity index (NPI) 

NPI = total number of carbon atoms * moiecul. weight 
number of carboxylate groups X 100 
10 of at least 50Q. 
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